Context. Due to its proximity, Mrk 421 is one of the best sources for studying the nature of BL Lac objects, allowing us to characterize its broadband spectral energy distribution (SED). Aims. The goal is to better understand the mechanisms responsible for the broadband emission and the temporal evolution of Mrk 421, which may be applied to more distant blazars that cannot be studied with the same level of detail.
Introduction
Markarian 421 (Mrk 421; RA=11 h 4 ′ 27.31 ′′ , Dec=38
• 12 ′ 31.8 ′′ , J2000) is a BL Lac object, which is believed to have a pair of relativistic jets flowing in opposite directions closely aligned to our line of sight. It is also one of the closest (z = 0.031; de Vaucoleurs et al. 1991) and brightest BL Lac objects in the extragalactic X-ray and very high energy (VHE; E > 100 GeV) sky. This object was the first BL Lac object detected by the Energetic Gamma Ray Experiment Telescope (EGRET; Lin et al. 1992) at energies above 100 MeV, and was also the first extragalactic source detected by imaging atmospheric Cherenkov telescopes (IACTs; Punch et al. 1992 ). Mrk 421 is one of the best studied BL Lac objects at VHE because it can be detected by modern IACTs within several minutes, and its broadband spectral energy distribution (SED) can be well measured by operating instruments covering energies from radio to VHE. Nearly all the IACTs have measured its VHE γ-ray spectrum (Krennrich et al. 2002; Aharonian et al. 2002; Okumura et al. 2002; Aharonian et al. 2003 Aharonian et al. , 2005 .
The SED of a blazar is dominated by the emission of the jet components magnified by relativistic beaming. The observed spectrum and polarization indicate that the low-energy bump is synchrotron radiation of electrons in turbulent magnetic fields in the jet. Mrk 421 has a peak frequency of the low-energy bump above 10 15 Hz, and therefore it is categorized as a highsynchrotron-peaked (HSP) BL Lac object based on the classification criterion presented in Abdo et al. (2010) . The peak frequency of the high-energy bump for HSP blazars detected at VHE is usually below 100 GeV 1 . This bump may be interpreted as the inverse Compton scattering of the same population of electrons off synchrotron photons (synchrotron selfCompton, SSC; Maraschi et al. 1992; Dermer & Schlickeiser 1993; Bloom & Marscher 1996) . Alternatively, hadronic models can also explain this bump (e.g., Mannheim 1993; Mücke et al. 2003) . Although both leptonic and hadronic models can reproduce the time-averaged broadband SED of Mrk 421 (e.g. 1 See the TeV catalog at http://tevcat.uchicago.edu/ Abdo et al. 2011) , it is difficult to produce with hadronic models short-time variability (< 1 hour), which has been observed in Mrk 421 (e.g. Gaidos et al. 1996) . Thus, leptonic models are favored, at least in active states. In leptonic scenarios, one-zone SSC models with an electron distribution described by one or two power-law functions can typically describe the observed SEDs (e.g., Katarzyński et al. 2003; Błażejowski et al. 2005; Rebillot et al. 2006; Fossati et al. 2008; Horan et al. 2009 ).
As Mrk 421 is bright and highly variable, long-term multiwavelength (MW) monitoring campaigns have been organized to intensely study its SED and its temporal evolution from radio to VHE γ-rays. Since 2009, an exceptionally long and dense monitoring of the broadband emission of Mrk 421 has been performed. The results of the 2009 MW campaign, which is related to Mrk 421 during non-flaring (typical) activity, were reported in Abdo et al. (2011) . The SED is successfully modeled by both a leptonic and a hadronic model, but the authors commented that the hadronic model required extreme conditions for particle acceleration and confinement. Moreover, the densely sampled SED revealed that the leptonic one-zone SSC model required two breaks in the electron energy distribution (EED) to satisfactorily describe the smooth bumps in the quiescent state SED.
Mrk 421 showed high activity during the entire multiinstrument campaign in 2010. During the period from March 10 (Modified Julian Day [MJD] 55265) to March 22 (MJD 55277), the VHE activity decreased from a high flux ∼ 2 Crab units (c.u.) 2 down to the typical value ∼ 0.5 c.u (Acciari et al. 2014) , hence offering the possibility of studying the evolution of the SED during the decay of a flaring event. The extensive MW data collected allow the measurement of the broadband SED over the largest available fraction of wavelengths with simultaneous observations (mostly within 2-3 hours) during 13 consecutive days. The present study is unprecedented for any blazar. The SED and indicated physical parameters in the emission region at different epochs and their temporal evolution have been studied (e.g., Mankuzhiyil et al. 2011; Acciari et al. 2011; Aleksić et al. 2 The VHE flux of the Crab Nebula between 200 GeV and 10 TeV used in this paper is 2.2 × 10 −10 cm −2 s −1 (Aleksić et al. 2012b ).
Article number, page 2 of 29 2012a), but based on sparse sampling. The observational data for 13 consecutive days provide a first opportunity to directly study the temporal evolution of the SED. In Section 2, we report the observations and data analysis performed with the various instruments. In Section 3 we present the observational results on multi-band variability. In Section 4, we report all the broadband SEDs during the flaring activity, as well as the characterization of the SEDs within two SSC scenarios. In Section 5 we discuss the interpretation of the experimental results, and then we summarize this study in Section 6. Throughout this paper, the ΛCDM cosmology with H 0 = 71 km s −1 , Ω M = 0.27, and Ω Λ = 0.73 is adopted.
Observation and Data Analysis
All instruments that observed Mrk 421 during this campaign are listed in Table 1 . The details of observations by each instrument are described below.
MAGIC
The Major Atmospheric Gamma-ray Imaging Cherenkov (MAGIC) telescope system consists of two 17-meter telescopes, which are located on the island of La Palma, 2200 m above sea level. Stereo observation can provide a sensitivity of ∼ 0.008 c.u. above ∼300 GeV in 50 hours of observation, and allows for the detection of VHE photons between 50 GeV and 50 TeV. The detailed performance of the MAGIC stereo system can be found in Aleksić et al. (2012b) .
During this flare, MAGIC made 11 observations, all in stereoscopic mode. The exposure time ranged from ∼ 10 to ∼ 80 minutes, with the zenith angle ranging from 5 to 30 degrees. In total we collected 4.7 hours of good-quality data. The MAGIC data presented in this paper were taken in dark conditions, not affected by bright moonlight. All these observations were conducted in the false-source tracking (wobble) mode (Fomin et al. 1994) : alternatively tracking two positions in the sky which are symmetric with respect to the true source position and 0.4
• away from it. The MAGIC data on MJD 55272 and 55275 suffered from bad weather and occasional technical problems, and are therefore removed from the analysis.
The MAGIC data are analyzed using the MAGIC Standard Analysis Software (MARS; Moralejo et al. 2010 ). In the analysis routine, signals are first calibrated, and then an imagecleaning algorithm involving the time structure of the shower images, which removes the contribution from the night sky background, is applied. Afterwards, the shower images are parameterized with an extended set of Hillas parameters (Hillas 1985) , and another parameter, hadronness, in order to reject background showers resulting from charged cosmic rays. The hadronness is determined through a Random Forest classification (Breiman 2001) , which is trained based on shower-image parameters and time information.
Then, all these parameters from both telescopes are combined to reconstruct the arrival directions and energies of the γ-ray candidate events. The number of signal (excess) events is the number of events around the source position after subtraction of the number of background events, which is estimated using the number of events in a source-free region. Flux and a preliminary spectrum are calculated based on this number. Finally, this preliminary spectrum is unfolded to correct for the effect of the limited energy resolution of the detector, as reported in , leading to the final (true) observed VHE spectrum of the source.
The systematic uncertainties in the spectral measurements with MAGIC stereo observations are 11% in the normalization factor (at >300 GeV) and 0.15-0.20 in the photon index. The error on the flux does not include uncertainty on the energy scale. The energy scale of the MAGIC telescopes is determined with a precision of about 17% at low energies (E <100 GeV) and 15% at medium energies (E > 300 GeV). Further details are reported in Aleksić et al. (2012b) .
VERITAS
The Very Energetic Radiation Imaging Telescope Array System (VERITAS) is an array of four 12-m diameter imaging atmospheric Cherenkov telescopes located in southern Arizona (Weekes et al. 2002) designed to detect emission from astrophysical objects in the energy range from ∼100 GeV to greater than 30 TeV. VERITAS has an energy resolution of ∼ 15% and an angular resolution (68% containment) of ∼ 0.1
• per event at 1 TeV. A source with a flux of 0.01 c.u. is detected in ∼ 25 hours of observations, while a 0.05 c.u. source is detected in less than 2 hours. The field of view of the VERITAS cameras is 3.5
• . For more details on the VERITAS instrument and its imaging atmospheric Cherenkov technique, see Perkins & Maier (2009) .
VERITAS monitored Mrk 421 in March 2010 with a 10-minute run each day on MJD 55260, 55265, 55267-55274. Observations were taken near culmination at zenith angles in the range 18
• -23
• in order to benefit from the lowestpossible energy threshold. All data were taken in wobble mode where the telescopes are pointed away from the source by 0.5
• North/South/East/West to allow for simultaneous background estimation using events from the same field of view.
Prior to event selection and background subtraction, all shower images are calibrated and cleaned as described in Cogan (2006) and Daniel et al. (2007) . Following the calibration and cleaning of the data, the events are parameterized using a moment analysis (Hillas 1985) . From this moment analysis, scaled parameters are calculated and used for the selection of the γ-raylike events (Aharonian et al. 1997; Krawczynski et al. 2006) . The event-selection cuts are optimized a priori for a Crab-like source (power-law spectrum photon index Γ = 2.5 and Crab Nebula flux level).
Whipple 10-m
The Whipple 10-m γ-ray telescope was situated at the Fred Lawrence Whipple Observatory in southern Arizona. It operated in the 300 GeV to 20 TeV energy range, with a peak response energy (for a Crab-like spectrum) of approximately 400 GeV. The telescope had a 10-meter optical reflector with a camera consisting of 379 photomultiplier tubes, covering a field of view of 2.6
• (Kildea et al. 2007 ). The Whipple 10-m was decommissioned in July 2011.
The Whipple 10-m telescope made 10 observations performed in the ON/OFF and TRK (tracking) modes, in which the telescope tracked the source, which was centered in the field of view, for 28 minutes (ON and TRK runs). The duration of the observations ranged from ∼1 hour to ∼6 hours, with half of the observations being above 4 hours long. The corresponding OFF run was collected at an offset of 30 minutes from the source's right ascension for a period of 28 minutes. The two runs were taken at the same declination over the same range of telescope azimuth and elevation angles. This removed systematic errors that depend on slow changes in the atmosphere. In the TRK Article number, page 3 of 29 mode, only ON runs were taken with no corresponding OFF observations, and the background was estimated from events whose major axis points away from the center of the camera (the source position). The data set amounts to 36 hours and was analyzed using the University College Dublin analysis package as described in Acciari (2011) . The photon fluxes, initially derived in Crab units for energies above 400 GeV, were converted into photon fluxes above 200 GeV using a Crab nebula flux 2.2 × 10 −10 cm −2 s −1 (Aleksić et al. 2012b) . Because the spectrum of Mrk421 is variable (and sometimes a bit harder/softer than that of the Crab Nebula), such conversion could overestimate/underestimate the photon fluxes, but only at the level of ∼10%, which is not critical for the results reported in this paper.
Fermi-LAT
The Fermi Large Area Telescope (LAT) is a γ-ray telescope operating from 20 MeV to more than 300 GeV. The LAT is an array of 4 × 4 identical towers, each one consisting of a tracker (where the photons are pair-converted) and a calorimeter (where the energies of the pair-converted photons are measured). LAT has a large peak effective area (0.8 m 2 for 1 GeV photons), an energy resolution typically better than 10%, and a field of view of about 2.4 sr with an angular resolution (68% containment angle) better than 1
• for energies above 1 GeV. Further details on the description of LAT are given in Atwood et al. (2009) and Ackermann et al. (2012) . The analyses of the Fermi-LAT data are performed here with the ScienceTools software package version v9r32p5. We use the reprocessed Fermi-LAT events 3 belonging to the P7REP_SOURCE_V15 class and located in a circular region of interest (ROI) of 10
• radius around Mrk 421, after applying a cut of < 52
• in the rocking angle, and < 100
• on the zenith angle to reduce contamination from the γ-rays produced in the upper atmosphere and observed along the Earth's limb. The background model used to extract the γ-ray signal includes a Galactic diffuse-emission component and an isotropic component. The model that we adopt for the Galactic component is given by the file gll_iem_v05.fit, and the isotropic component, which is the sum of the extragalactic diffuse emission and the residual charged particle background, is parameterized by the file iso_source_v05.txt 4 . The normalizations of both components in the background model are allowed to vary freely during the spectral-point fitting. The spectral parameters are estimated using the unbinned maximum likelihood technique (Mattox et al. 1996) in the energy range 300 MeV to 300 GeV. We use the P7REP_SOURCE_V15 instrument response function 5 , and take into account all the sources from the second Fermi-LAT catalog (2FGL, Nolan et al. 2012 ) located within 15
• of Mrk 421. When performing the fit, the spectral parameters of sources within 10
• of Mrk 421 are allowed to vary while those between 10
• and 15
• are fixed to their values from the 2FGL. When performing the likelihood fit in differential energy bins (spectral bins in the SED), the photon indices of the sources are frozen to the best-fit values obtained from the full spectral analysis.
The sensitivity of Fermi-LAT is not good enough to detect Mrk 421 within a few hours and hence we integrate over two days in order to have significant detections and to be able to pro-duce γ-ray spectra. Despite the two-day integration window, the number of collected photons above 300 MeV is only about 8 to 15 for each of the two-day intervals. Most of these photons have energies below a few GeV, since photons above 10 GeV are rarely detected from Mrk 421 in a two-day interval. Upper limits at 95% confidence level are calculated for the differential energy bins whenever the maximum likelihood test statistic (TS) 6 is below 4, or when the detected signal has fewer than two events. The systematic uncertainty in the flux is dominated by the systematic uncertainty in the effective area, which is estimated as 10% below 0.1 GeV, 5% in the energy range between 0.3 GeV and 10 GeV and 10% above 10 GeV . The systematic uncertainties are substantially smaller than the statistical uncertainties of the data points in the light curve and spectra.
X-ray Observations
All 11 Swift-XRT (Burrows et al. 2005 ) observations were carried out using the Windowed Timing (WT) readout mode. The data set is first processed with the XRTDAS software package (v.2.9.3) developed at the ASI Science Data Center (ASDC) and distributed by HEASARC within the HEASoft package (v. 6.15.1) 7 . Event files were calibrated and cleaned with standard filtering criteria with the xrtpipeline task using the calibration files available in the Swift-XRT CALDB version 20140120. Events for the spectral analysis are selected within a 20-pixel (∼46 arcsec) radius, which encloses about 90% of the PSF, centered on the source position. The background is extracted from a nearby circular region of 40 pixel radius. The ancillary response files are generated with the xrtmkarf task applying corrections for PSF losses and CCD defects using the cumulative exposure map. Before the spectral fitting, the 0.3-10 keV source energy spectra are binned to ensure a minimum of 20 counts per bin. The spectra are corrected for absorption with a neutral hydrogen column density fixed to the Galactic 21 cm value in the direction of Mrk 421, namely 1.9 × 10 20 cm −2 (Kalberla et al. 2005 ). The Rossi X-ray Timing Explorer (RXTE; Bradt et al. 1993) satellite performed daily pointing observations of Mrk 421 during the time interval from MJD 55265 to MJD 55277. The data analysis is performed using FTOOLS v6.9 and following the procedures and filtering criteria recommended by the NASA RXTE Guest Observer Facility 8 . The observations are filtered following the conservative procedures for faint sources. Only the first xenon layer of PCU2 is used. We use the package pcabackest to model the background and the package saextrct to produce spectra for the source and background files and the script 9 pcarsp to produce the response matrix. The PCA average spectra above 3 keV are fitted using the XSPEC package using a power-law function with an exponential cutoff (cutoffpl) with the same neutral hydrogen column density used in the Swift-XRT data analysis. However, since the PCA bandpass starts at 3 keV, the results do not depend strongly on the column density adopted.
We also use data from the all-sky X-ray instruments available in 2010, namely RXTE/ASM, MAXI and Swift/BAT. The 
Optical and UV Observations
The optical fluxes reported in this paper were obtained within the GLAST-AGILE Support Program (GASP) within the Whole Earth Blazar Telescope (WEBT) (e.g. Villata et al. 2008 Villata et al. , 2009 , with various optical telescopes around the globe. Additionally, many observations were performed with the Perkins, Rovor, New Mexico Skies and the Bradford telescopes. Optical polarization measurements are also included from the Steward, Crimean, and St Petersburg observatories. All the instruments use the calibration stars reported in Villata et al. (1998) for calibration, and the Galactic extinction is corrected with the reddening corrections given in Schlegel et al. (1998) . The flux from the host galaxy (which is significant only below ν ∼ 10 15 Hz) is estimated using the flux values across the R band from Nilsson et al. (2007) and the colors reported in Fukugita et al. (1995) , and then subtracted from the measured flux. The Swift Ultraviolet/Optical Telescope (UVOT; Roming et al. 2005 ) obtained data cycling through each of the three ultraviolet pass bands, UVW1, UVM2, and UVW2 with central wavelengths of 260 nm, 220 nm, and 193 nm, respectively. The photometry is computed using a 5 arcsec source region around Mrk 421 using a custom UVOT pipeline that performs the calibrations presented in Poole et al. (2008) . Moreover, the custom pipeline also allows for separate, observation-by-observation, corrections for astrometric misalignments ). The flux measurements obtained are corrected for Galactic extinction with E B−V =0.015 magnitude (Schlegel et al. 1998) in each spectral band (Fitzpatrick 1999) . The contribution of the host galaxy to the UV fluxes is negligible and hence not considered.
Radio Observations
The radio data reported in this manuscript were taken with the 14-m Metsähovi Radio Observatory at 37 GHz, the 40-m Owens Valley Radio Observatory (OVRO) telescope at 15 GHz, and the 26-m University of Michigan Radio Astronomy Observatory (UMRAO) at 14.5 GHz. Details of the observing strategy and data reduction are given by Teraesranta et al. (1998, Metsähovi) ; Richards et al. (2011, OVRO); and Aller et al. (1985, UMRAO LAT sources were made periodically for several minutes, and the measured source signal strength calibrated against known standards, typically solar system objects (Titan, Uranus, Neptune, or Callisto).
Mrk 421 is a point-like and unresolved source for these three single-dish radio instruments and for SMA, which means that the measured fluxes are the flux densities integrated over the full source extension, and hence should be considered as upper limits in the SED model fits reported in this paper. However, it is worth noting that the radio flux of Mrk 421 resolved with the VLBA for a region of 1-2×10 17 cm (hence comparable to the size of the blazar emission) is actually a very large fraction of the radio flux measured with the single-dish radio instruments (see Abdo et al. 2011) , and thus it is reasonable to assume that the blazar emission contributes substantially to the radio flux measured by single-dish radio telescopes like Metsähovi, OVRO and UMRAO. Moreover, there are several works reporting a correlation between radio and GeV emission in blazars as a population (see e.g. Ackermann et al. 2011) , which implies that at least a fraction of the radio emission is connected to the γ-ray (blazar) emission. The 225 GHz observations from SMA connect the bottom (radio) to the peak (optical/X-rays) of the synchrotron (lowenergy) bump of the SED, and hence it is also expected to be strongly dominated by the blazar emission of the source. Therefore, it seems reasonable to adjust the theoretical model in such a way that the predicted energy flux for the millimeter band is close to the SMA measurement, and the predicted energy flux for the radio band is not too far below the measurements performed by the single-dish instruments.
Multi-band Variability
In this section, we present the experimental results derived from the MW campaign observations described in Section 2. Figure 1 shows the multi-band light curves during the decline observed between 2010 March 10 (MJD 55265) and 2010 March 22 (MJD 55277). In the top left panel, the VHE band includes 9 observations from MAGIC, 9 from VERITAS, and 10 from Whipple.
The flux above 200 GeV decreases roughly steadily with time. Before MJD 55272 the fluxes are ∼ 1 -2 c.u., while on subsequent days they are below 1 c.u., showing that only the decay (perhaps including the peak) of the flare was observed with the VHE γ-ray instruments in 2010 March. It is worth noting that the VHE flux measured with MAGIC for MJD 55268 is roughly 50% smaller than that measured with VERITAS for that day: 2.1 ± 0.3 vs. 4.0 ± 0.6 in units of 10 −10 cm −2 s −1 . Taking into account the measured errors, these fluxes are different by three to four standard deviations. This might result (at least partially) from systematics related to the instruments/observations during that night, but it might also be due to intra-night variability over the MAGIC and VERITAS observation windows, which are ∼ 7 hours apart.
The photon flux above 300 MeV (measured by Fermi-LAT in two-day long time intervals) does not show any significant variability. A fit with a constant line gives a flux level of (6.8 ± 0.9) × 10 −8 cm −2 s −1 , with χ 2 /ndf = 2.5/6, which is similar to the mean flux of ∼ 7.2 × 10 −8 cm −2 s −1 observed during the first 1.5 years of Fermi operation, from 2008 August to 2010 March (Abdo et al. 2011) .
The variability in the X-ray band, as measured with RXTE, Swift and MAXI is high, with light curves that resemble those at VHE. The Swift-XRT energy flux in the band 0.3-10 keV decreases from ∼ 2.2 × 10 −9 erg cm −2 s −1 down to ∼ 0.8 × At UV and optical frequencies, the variability is also rather small, in contrast to the VHE and X-ray bands. The emission in the UV bands and optical bands is variable. For instance, a constant fit yields χ 2 /ndf of 174/11 and 144/60 for the UVOT-UVM2 and GASP/R band, respectively. Hence Mrk 421 showed some activity in these bands, although it is substantially smaller than that shown at VHE and X-rays. The optical flux in the R band measured during this 13-day period is ∼ 16 mJy (∼ 24 mJy if the host galaxy is included), which is comparable to the typical flux of ∼ 25 mJy measured during the first eight years of the Tuorla blazar monitoring program, from 2003 to 2011
13 . Optical polarization measurements are also reported in Figure 1. The errors on these observations are smaller than 0.1% and 3
• respectively for the polarization degree and the electric vector polarization angle, and are therefore too small to be seen in the plot. The collected data do not show any flare in the polarization degree or large rotation in the electric vector polarization angle as the ones observed during the flaring activities in other blazars (e.g. Marscher et al. 2008) . There is however some small variations in both polarization degree and angle, but such random fluctuations are common and expected due to continuous noise processes rather than by singular events (see Marscher 2014) .
In the radio bands, there were only seven observations during this period, which were performed at frequencies from 14 GHz to 225 GHz. All of them reported a flux of about 0.4-0.5 Jy. We did not find significant variability in any of these single-dish radio observations, which are < ∼ 1 hour long. The radio fluxes measured during this 13-day period are comparable to the typical 15 GHz radio flux of ∼0.45 mJy measured during the first three years of the OVRO monitoring program, from 2008 to 2011 (Richards et al. 2013) .
In order to quantify the overall variability during these 13 consecutive days, we followed the method provided in Vaughan et al. (2003) . The fractional variability F var for each energy band is computed as where F is the mean photon flux, S is the standard deviation of the N flux points, and σ 2 err is the mean-squared error. The error in F var is calculated according to the prescription in Section 2.2 of Poutanen et al. (2008) :
This prescription is more precise than the method used in Vaughan et al. (2003) when the σ err is comparable to or larger than S . The F var values derived from the light curves in Figure 1 are plotted in Figure 2 . The values of F var are plotted only for instruments with S 2 > σ 2 err . When there is no variability detectable with the sensivity of the instrument, S 2 < σ 2 err might occur (as is the case for Fermi-LAT).
The F var is highest in the X-ray band. The values of F var measured by Swift-XRT and RXTE-PCA agree well in the 2-10 keV band. We note that Swift-XRT shows a higher F var in the 2-10 keV band than in the 0.3-2 keV band. The uncertainty in the F var values for these two bands is small because the measured X-ray flux variations are very large in comparison to the flux uncertainties (which are smaller than 1%), and that makes the difference in the measured variability very significant. This difference cannot be attributed to different temporal coverage, as they were observed with the same instrument (and hence the same time).
In order to study this difference, we calculate the normalized deviations of the fluxes, F dev = (F − F ) / F computed with the Swift-XRT light curves for both energy bands (0.3-2 keV and 2-10 keV). Figure 3 shows that the absolute values of F dev , |F dev |, for the 2-10 keV band are always larger than those for the 0.3-2 keV band. This shows that the flux in the 2-10 keV band is intrinsically more variable than in the 0.3-2 keV band across the whole temporal range, and hence that the higher F var is not due to one or a few observations, but rather dominated by a higher overall relative dispersion in the 2-10 keV flux values during the 13 consecutive days.
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In order to understand better the relation between X-rays and VHE γ-rays, we examine the correlation between the X-ray energy flux in the 0.3-2 keV and 2-10 keV bands and the VHE γ-ray energy flux above 200 GeV. For this exercise we used the X-ray fluxes from Swift and RXTE and the VHE fluxes from MAGIC and VERITAS. The VHE photon fluxes given in [cm Figure 4 shows the VHE γ-ray flux vs. X-ray flux in the 0.3-2 keV band, and the resulting fits with a linear (F VHE = k · F X−ray ) and a quadratic (
For the fits, only MAGIC data, which are the VHE observations taken simultaneously or almost simultaneously with the X-ray observations (see Section A for details on simultaneity of the observations), were used. The middle and bottom panels of Figure 4 also show the X-ray flux vs. VHE-γ-ray flux, but using the X-ray flux in the 2-10 keV band measured with Swift and RXTE. Neither a linear nor a quadratic function describes the data perfectly. However, for the 2-10 keV energy range, the VHE to Xray flux follows closely a linear trend, while it is clearly not the case for the 0.3-2 keV energy range. The physical interpretation of these results will be discussed in Section 5.
Temporal Evolution of the Broadband Spectral Energy Distribution
For the study of this flaring activity, we build 13 successive simultaneous broadband SEDs for 13 consecutive days. We study these SEDs within one-zone and two-zone SSC scenarios in Sections 4.1 and 4.2. The characteristics of the MW data are described in Appendix B. Specifically, we investigate whether the temporal evolution of the EED in SSC models can explain the 14 The spectral shape of the VHE emission of Mrk421 did vary during the 13 days period considered here. Considering such spectral variations would shift some of the reported γ-ray energy fluxes by ∼10-15%, which we considered not essential for this study. observed variations in the SED during the 13-day period, and hence we try to fix (to their quiescent values) the model parameters related to the environment, namely the blob radius (R), magnetic field (B), and Doppler factor (δ). We cannot exclude that other model realizations with a different set of model parameters (e.g. changing the environment parameters, or varying a larger number of model parameters) can also provide a satisfactory description of the broadband SEDs, but in this paper we want to vary as few as possible model parameters to most directly study the evolution of the EED, which is the part of the model directly connected to the particle acceleration and cooling mechanisms.
We apply steady-state SSC models, instead of timedependent models, to the SEDs of each day and estimate physical parameters in the emission regions, which gives us an estimate of the temporal evolution of these physical parameters. Time-dependent models, as developed by Krawczynski et al. (e.g. 2002) ; Chen et al. (e.g. 2011) , are a direct way to derive the physical properties of the emission regions, but they include many detailed processes, such as synchrotron/inverse-Compton cooling of electrons, adiabatic cooling of electrons due to the expansion of an emission blob, and the injection of relativistic electrons and its time evolution, and therefore have a large complexity and arbitrarily large number of degrees of freedom. The snapshot approach with steady-state SSC models allows us to observe the time evolution of basic physical parameters averaged over a day in the blobs independently of the difficulty associated with time-dependent models. The time evolution of the averaged basic parameters observed in this study reflects physical mechanisms not considered explicitly, but gives us hints about them. A caveat of this approach is that the SEDs are observationally determined from short (∼1 hour) observations distributed over a relatively long (13 day) period of time, and hence we cannot exclude that some of the SEDs relate to short lived active states which do not necessarily fit in the scheme of a slowly varying activity phase.
Given the known multi-band variability in the emission of Mrk 421 (and blazars in general), we paid special attention to organize observations that were as close in time as possible (see Appendix A for the simultaneity of the observations). The observations performed with MAGIC, RXTE, and Swift were scheduled many weeks in advance, which resulted in actual observations occurring always within temporal windows of less than two hours. The observations with VERITAS/Whipple were triggered by the high activity detected in 2010 March, and performed typically ∼ 7 hours after MAGIC observations because VERITAS and Whipple are located at a different longitude from that of MAGIC. At radio frequencies we have only seven observations during this period, but we neither expect nor detect variability in radio during these short (few-day) timescales. Based upon these observations we show in Appendix B 13 consecutive days of SEDs. Each SED is characterized with a one-zone and a twozone SSC model as described in the following two subsections.
One discerns that both the peak luminosities and peak frequencies of the low-and high-energy bumps shift during high activity. In general, both the peak frequency and the peak luminosity decrease as the flare decays. Besides the migration in the SED peak positions, one can also note a change in the shapes of these SED bumps. The X-ray and γ-ray bumps of the SEDs from MJD 55265 and 55266, when Mrk 421 emitted the highest flux, are narrow, and they widen as the flare decays. A quantitative evaluation of the widening of the two SED bumps is reported in Section 5.
SED Modeling: One-zone SSC Model
In this SSC model, we assume that emission comes from a single, spherical and homogeneous region in the jet, which is moving relativistically towards us. The one-zone SSC model describes most of the SEDs of high-frequency-peaked BL Lac objects with the smallest number of parameters, and hence it is the most widely adopted. The emission from radio to X-ray results from synchrotron radiation of electrons inside a blob of comoving radius R, with Doppler factor δ. In this emission blob, there is a randomly-oriented magnetic field with uniform strength B. The γ-rays emission is produced by inverse Compton scattering of the synchrotron photons with the same population of electrons which produce them. In this work, we use the numerical code of the SSC model described in Takami (2011). The algorithm implemented in this code allows us to very quickly determine the parameters that accurately describe the SED.
The one-zone homogeneous SSC scenario with an EED described with a broken power-law function (seven free parameters plus the two parameters defining the edges of the EED) can be formally constrained from the seven characteristic observables that can be obtained from the multi-instrument data covering the two SED bumps, namely the spectral indices below and above the synchrotron peak, the peak frequencies and luminosities of the synchrotron and inverse Compton bumps, and the variability timescale (Tavecchio et al. 1998 ). However, in reality the collected data do not allow us to determine these seven parameters with very good precision (particularly for the variability timescale and the peak frequency of the inverse Compton bump), which implies some degeneracy in the seven (+two) model parameters, unavoidably leading to the necessity of making some approximations or assumptions.
In previous works related to Mrk 421, it was common to use only one or two power-law functions (that is zero or one break) to describe the EED. However, such a simple model could not adequately describe the broadband SED from the campaign organized in 2009, when Mrk 421 was in its typical non-flaring VHE state (Abdo et al. 2011 ). The SED from this paper was better sampled (more instruments with higher sensitivity) than the ones reported previously, and an additional break (two additional parameters) was required to properly describe the shape of the measured synchrotron bump (from 1 eV to 100 keV), together with the full inverse-Compton bump (from 100 MeV to 10 TeV). Given the similar energy coverage and activity of the source during many days of the 13-day period considered here, we also use three power-law functions (i.e. two breaks) to parameterize the EED:
where n e is the number density of electrons, γ e is the Lorentz factor of the electrons, γ min and γ max define the range of γ e , s 1 , s 2 and s 3 are the indices of the power-law functions, and γ br1 and γ br2 are the Lorentz factors where the power-law indices change.
In total, this model has two more free parameters compared to the model with a broken power-law EED. The SEDs from the days with highest activity can be described with an EED with only one break, but for the non-flaring activity, we need to use an EED with two breaks. The requirement for a more complex parameterization of the EED in the recent works might be due to the better energy coverage (more instruments involved in the Article number, page 9 of 29 A&A proofs: manuscript no. Mrk421_2010_March_s campaigns), and better sensitivity to cover the γ-ray bump. Future observations of Mrk 421 during non-flaring states with as good or better energy coverage will tell us whether the two-break EED is always needed, or whether this is something that was required only to describe the 2009 and 2010 data. Despite the extensive MW data collected in this campaign, there is still some degeneracy in the choice of the eleven parameter values required to adjust the SED model to the observational data. Given the similarities between the SEDs of the last few days and the SED reported in Abdo et al. (2011) , we use the SED model parameter values from Abdo et al. (2011) as a reference for the choice of SSC parameters to describe the 2010 March broadband observations. In particular, we want to test whether the temporal evolution of the EED can explain the observed variations in the SED during the 13-day period, and hence we fix γ min , γ max and the model parameters related to the environment R, B, and δ to the values reported in Abdo et al. (2011) . The value of the Doppler factor, 21, is higher than the value inferred from VLBA measurements of the blob movement in Piner et al. (2010) . This is actually a common circumstance for VHE sources, which has been dubbed the "bulk Lorentz factor crisis", and requires the radio and TeV emission to be produced in regions with different Lorentz factors (Georganopoulos & Kazanas 2003; Ghisellini et al. 2005; Henri & Saugé 2006) . During the adjustment of the model to the measured SED, the VHE and X-ray data provide the primary constraint because the variability is highest in these two energy bands.
The model parameters inferred from the observed SEDs (shown in Appendix B) are reported in Table 2 .
Only one break in the EED (instead of two) is sufficient to describe the narrow SED bumps on MJD 55265 and 55266, while two breaks are necessary to properly describe the wider X-ray and γ-ray bumps from MJD 55267 to MJD 55277, when Mrk 421 shows a somewhat lower X-ray and VHE activity. The changes in the SED during the flaring activity are dominated by the parameters, n e , γ br1 , and γ br2 : lower activity can be parameterized with a lower n e and a decrease in the values of the two break Lorentz factors in the EED. The spectral index s 2 is equal to 2.5 for MJD 55272, while s 2 = 2.7 for the adjacent days. The X-ray bump for MJD 55272 (see Figure B .3a) is rather narrow, and therefore s 2 , which affects the SED slope of the lower energy side of the bump, needs to be closer to s 1 to properly describe the data.
Given the values of the blob radius and Doppler factor used here, the minimum time of the flux variation t min = (1 + z)R/β cδ is ∼ 1 day. This value is reasonable, given the flux variations measured during the March flaring activity (see Figure 1 ), yet it would not be consistent with the potential intra-night variability that might have occurred in MJD 55268, as hinted by the disagreement in the VHE fluxes measured by MAGIC and VERI-TAS. The predicted radiative cooling break by synchrotron radiation 15 , γ c = 6πm e c 2 /(σ T B 2 R), where m e is the electron mass and σ T is the Thomson cross-section, is 3.2 × 10 5 in this model. This formula is derived by equating the timescale of synchrotron radiation to the timescale of electrons staying in the blob ∼ R / c, on the assumption that the timescale of adiabatic cooling is much longer than that of synchrotron cooling. This assumption is reasonable because R is fixed in this study. The γ br2 values in the model range from 3.9 × 10 5 to 7.0 × 10 5 , which is comparable to γ c , hence suggesting that the second break in the EED might be related to the synchrotron cooling break. Thus, the decrease of γ br2 and the weak dependence on n e implies that the end of a flare is dominated by cooling. However, the change in the power-law index does not match the canonical change expected from synchrotron cooling, ∆s = 1, which is similar to the situation reported in Abdo et al. (2011) . The result that s 3 is softer than expected can be explained by inhomogeneity of the emission blob, or by a weakening of the electron injection.
In general, the agreement between the one-zone SSC model and the observational data is quite acceptable which shows one more the success of the one-zone SSC model for describing the SEDs of blazars. However, there are several problems to be noted. At the low-energy-end of the VHE spectra, the model is slightly above the data for the SEDs from MJD 55265, 55266, 55268, 55269, and 55273; and the model also goes slightly above the data in the X-ray bump for MJD 55265 and 55266. We cannot exclude that these data-model mismatches arise from the requirement that the EED is the only mechanism responsible for the blazar variability. For instance, if in addition to changing the model parameters related to the EED, one would also vary the parameters B, R and δ, the relative position of the syn- The parameter values are given in Table 2 .
chrotron and SSC peak could be modified, possibly achieving better agreements with the data. Overall, the temporal evolution of the broadband SEDs can be described by changes in the EED, keeping constant γ min , γ max , and the model parameters related to the environment (blob radius, magnetic field, and the Doppler factor) at the values reported in Abdo et al. (2011) . Figures 5a and 5b depict the onezone SSC model curves and the parameterized EEDs for the 13 consecutive days. We can divide the whole activity into three periods: MJD 55265-55266 (period 1), MJD 55268-55271 (period 2), and MJD 55272-55277 (period 3), which correspond to a VHE flux of ∼ 2 c.u., ∼ 1.5 c.u., and ∼ 0.5 c.u., respectively. The EEDs of period 1 have one break, while those of period 2 and 3 have two breaks. Moreover, the EEDs of period 1 have a higher electron number density (n e ) than those of periods 2 and 3. Figure 5b shows that the greatest variability occurs above the first break (γ br1 ) in the EED.
SED Modeling: Two-zone SSC Model
The one-zone SSC model curves reported in the previous section describe reasonably well the overall temporal evolution of the low-and high-energy bumps of the SED during this flaring activity. However, we cannot ignore the model-data mismatches mentioned in the last section. This was our main motivation for trying a model with two distinct blobs: one producing the steady emission, and the other producing the temporal evolution of the SED, which is evident primarily in the X-ray and VHE γ-ray bands. The two blobs are assumed to be separated by a long distance and the individual radiation fields do not interact with each other. We call these the quiescent blob and the flaring blob, respectively. The quiescent blob is described with the parameter values from the one-zone SSC model reported in Table 2 for MJD 55274, which is the SED with the lowest activity among the 13 consecutive days. While the EED of the quiescent-state blob is described by three power-law functions, we employ only two power-law functions to describe the EED of the flaring blob:
where n e is the electron number density, γ e is the Lorentz factor of the electrons, γ min and γ max define the range of γ e , s 1 and s 2 are the indices of the power-law function, and γ br1 is the Lorentz factor where the power-law index changes.
In the overall process of adjusting the model to the 13 measured SEDs, we use a flaring blob size R about one order of magnitude smaller than the quiescent blob, which naturally allows faster variability. The size of the blob is kept constant, while the other parameters are allowed to change in order to describe the characteristics of the flare evolution. Figure 6 depicts the two-zone model curve adjusted to the broadband SED from MJD 55265. It is worth noting that the contribution from the flaring blob is relevant only in the X-ray and VHE bands. The model curves related to the remaining 12 consecutive SEDs are shown in Appendix B ( Figures B.4 and B.5), and Table 3 reports the two-zone SSC model parameters that adequately describe the measured SEDs. Except for the magnetic field, which decreases during the decay of the flare, the other model parameters related to the environment remain constant. The changes occur in the three model parameters n e , γ min , and γ br1 , while s 1 , s 2 , γ max can be kept constant for all the 13 SEDs. With this two-zone SSC model, the minimum variability timescale t min is ∼ 1 hour, which is comparable to the length of our single-instrument observations, during which we did not measure significant variability. This minimum timescale for variability would be consistent with the potential intra-night VHE variability on MJD 55268. The predicted synchrotron cooling break γ c for the flaring blob is 7 × 10 5 for MJD 55265. For this day, the parameter γ br1 for the flaring blob is 3 × 10 5 , with a change in the EED power-law index of 1, which is the canonical change for synchrotron cooling. During the following three days γ c /γ br1 < ∼ 8, and after MJD 55269 γ c /γ br1 is much larger, which means that the break in the EED of the flaring blob is intrinsic to the acceleration mechanism, and cannot be directly related to the synchrotron cooling during those days.
The flaring blob is characterized by an EED with a very high γ min (> 3 × 10 4 ), which means that it lacks low-energy electrons, and so does not contribute to the radio/optical emission. This is necessary for improving (with respect to the one-zone SSC model from Section 4.1) the description of the very narrow peaks in the X-ray and the γ-ray bumps occurring on some days (e.g. MJD 55265 and 55266).
Figures 7a and 7b depict the two-zone SSC model curves and the parameterized EEDs for the 13 consecutive days. In this case, by construction, all the SED variations occur in the X-ray Article number, page 11 of 29 A&A proofs: manuscript no. Mrk421_2010_March_s Table 1 . Due to space limitations, R-band instruments other than GASP, GRT, and NMS are denoted with the symbol "++". Whenever a simultaneous observation is not available, the fluxes from the closest date are reported, and their observation time in MJD is reported next to the instrument name in the legend. The red curve depicts the two-zone SSC model matching the SED data, while the black line shows the contribution of the flaring blob. The gray circles depict the averaged SED from the 2009 MW campaign reported in Abdo et al. (2011) , which is a good representation of the non-flaring (typical) SED of Mrk 421. Notes. The model parameters that were kept constant during the 13-day period are the following ones: γ max = 6 × 10 5 ; s 1 = 2.0; s 2 = 3.0; log(R[cm]) = 15.51; δ = 35. The quiescent blob is parameterized with the parameter values from the one-zone SSC model reported in Table 2 for MJD 55274. We refer to Table 2 for the γ-ray flux above 200 GeV measured with MAGIC, VERITAS and Whipple. and the VHE bands, and the SED peaks are narrower than those from the one-zone SSC scenario. Overall, the decay of the flaring activity is dominated by a reduction in n e and γ br1 . The magnetic field also varies with time (not shown on this plot, see Table 3 ); lower activity is related to lower values of B.
The two-zone SSC model is described by 20 parameters, while the one-zone SSC model by 11. However, after fixing the parameters of the quiescent-state blob, we only needed to change the values of four parameters (γ min , γ br1 , n e , and B) in the flaring blob, while in the one-zone SSC model we had to change five parameters (γ br1 , γ br2 , s 1 , s 2 , n e ) to describe the SEDs during these 13 consecutive days (see Section 4.1). Therefore, once the parameters of the quiescent blob are fixed, the two-zone SSC model describes the measured temporal evolution of the broadband SED with one free parameter less than the one-zone SSC model.
Discussion
The broadband SEDs during this flaring episode, resolved on timescales of one day, allows for an unprecedented characterization of the time evolution of the radio to γ-ray emission of Mrk 421. We find that both the one-zone SSC and the two-zone SSC models can describe the daily SEDs via the variation of respectively 5 and 4 model parameters, mostly related to the EED. This shows that the particle acceleration and cooling mechanism producing the EED could be the main one responsible for the broadband SED variations during the flaring episodes in blazars.
In this theoretical framework, the two-zone SSC model provides better data-model agreement at the peaks of the low-and high-energy SED bumps. Additionally, the two-zone SSC scenario presented here naturally provides shorter time scales (1 hour vs. 1 day) for variability in the X-ray and VHE bands, as the correlated variability in X-ray and VHE bands without any variation in the optical and radio bands. Table 3 .
trons are absent, the peak frequency of the γ-ray bump becomes sensitive to γ min due to the strong Klein-Nishina effect, which provides a rather independent channel to adjust the γ-ray bump for the flaring state. On the other hand, the X-ray bump is more sensitive to the magnetic field and γ br1 . Hence this phenomenological scenario of two distinct zones (quiescent+flaring) allows for more flexibility in the locations and shapes of the two bumps (in comparison to the one-zone SSC model), while still varying fewer parameters. This was particularly useful to adequately describe the evolution of the width of the two SED bumps. We can quantify this effect by computing the widths of the bumps as the full width at half maximum (FWHM) in the logarithmic scale, log(ν 2 /ν 1 ), where ν 1 and ν 2 are the frequencies at which the energy flux is half of that at the peak position. The widths of the SED bumps for the 13 consecutive days are reported in Table 4 , showing that both the synchrotron and inverse-Compton peak widths increase from log(ν 2 /ν 1 ) ∼2 to log(ν 2 /ν 1 ) ∼3 during the decay of the flare, which means that the width of the two bumps (in logarithmic scale) is about 50% greater during the non-flaring (low) activity.
The additional flexibility of the two-zone SSC model helps to improve the agreement of the model SEDs with the data from MJD 55265, 55266, 55268, 55269, and 55273. The biggest datamodel differences occur for the first two days, which are the ones with the highest activity and the narrowest low-and high-energy bumps. Figures 8a and 8b compare the data-model agreement for these two days. Note the better agreement of the two-zone SSC model curves with the X-ray data points and, especially, the γ-ray data points. The agreement can be quantified using χ 2 on the broadband SEDs, after excluding the radio data, which are considered as upper limits for the models. In total, we have 50 and 51 data points for MJD 55265 and MJD 55266, respectively. When using a one-zone SSC model we obtain a χ 2 of 4.0 × 10 3 for MJD 55265 and 3.6 × 10 3 for MJD 55266 , while we obtain 1.2 × 10 3 for MJD 55265 and 0.7 × 10 3 for MJD 55266 when using the two-zone SSC model, hence showing that the agreement of the model with the data is better for the latter theoretical scenario. An F-test on the obtained χ 2 values, and assuming conservatively that the one-zone model has 11 free parameters and the two-zone model has 20 free parameters (hence not considering that many of these parameters are kept constant), rejects the one-zone model in favor of the two-zone model for the given set of model parameters with a p-value smaller than 10 −5 . If one considers that many model parameters are kept constant, the rejection of the reported one-zone model in favor of the reported two-zone model would be even larger. The reduced χ 2 for all cases is well above 1, which shows that none of the models describe the observations perfectly well. Both models oversimplify the complexity in the blazar jets, and hence we do not intend to explain the data at the percent level.
It is worth noting that the EED of the flaring blob is constrained to a very narrow range of energies, namely γ min -γ max ∼ 3 × 10 4 -6 × 10 5 . One theoretical possibility to produce such narrow EED is stochastic particle acceleration via scattering by magnetic inhomogeneities in the jet, namely second order Fermi acceleration (e.g., Stawarz & Petrosian 2008; Lefa et al. 2011; Asano et al. 2014) . The spectrum in this model is localized around a characteristic Lorentz factor γ ch determined by the power spectrum of magnetic turbulence q and the cooling timescale of electrons, with a shape proportional to γ 2 e exp −(γ e /γ ch ) 3−q (e.g., Schlickeiser 1985) . Such a spectrum can realize the narrow peaks of synchrotron radiation and inverse Compton scattering that we measured for Mrk 421 during the 2010 March flare.
The treatment made with the one-and two-zone homogeneous SSC models is a simplification of the problem. For instance, relativistic travel within a jet can change the properties of a blob (e.g. expansion of the size R of the emitting region, and decrease in the magnetic field B). This issue has been discussed in several papers (e.g Tagliaferri et al. 2008 , for the case of 1ES 1959+650). The fact that we can explain the temporal evolution of the SED during 13 consecutive days without changing the model parameters related to the environment could be interpreted as if the blazar emission region is not traveling relativistically, but rather is stationary in one or several regions of the jet where there is a standing shock. Such standing shocks could be produced, for instance, by recollimation in the jet, and the particles would be accelerated as the jet flows or the superluminal knots cross it (Komissarov & Falle 1997; Sokolov et al. 2004; Marscher 2014) . The Lorentz factor of the plasma, as it flows through the standing shock, would be the Lorentz factor which would lead to the Doppler factor (depending on the angle) used in the model. This MW campaign reveals that the correlation between the X-ray flux in the 2-10 keV band and the VHE γ-ray flux above dle and bottom panels), while the correlation between X-ray flux in the 0.3-2 keV band and the VHE γ-ray flux is equally close to both a linear and quadratic trend (see Figure 4 top panel). This is an interesting result because the 0.3-2 keV band reports the synchrotron emission below or at the low-energy (synchrotron) peak of the SED, while the 2-10 keV band reports the emission at or above the low-energy peak. During the Mrk 421 flaring activity observed in 2001, it was also noted that the VHE-to-Xray (above 2 keV) correlation was linear when considering day timescales, yet the correlation was quadratic when considering few-hour long variability (see Fossati et al. 2008) . Quadratic (or more-than-quadratic) correlation between X-ray and VHE γ-ray fluxes in the decaying phase is problematic to explain with conventional SSC models (Katarzyński et al. 2005) . During the flaring activity observed in 2010 March, we do not detect any significant intra-night variability, which might be due to the shorter (∼1 hour) duration of the observations (in comparison to the many-hour long observations reported in Fossati et al. (2008) , or perhaps due to the lower X-ray and VHE activity (in contrast to that of 2001).
The close-to-linear correlation for 2-10 keV X-rays can be explained as follows. In the framework of the one-zone SSC model, the SED peaks at γ-ray frequencies are produced by the smaller cross-section in the Klein-Nishina regime, rather than by the breaks γ br,1/2 in the EED. Therefore, the γ-ray emission with energies above the SED peak energy is affected by the lower Klein-Nishina cross-section, and is dominated by inverse Compton scattering off infrared-to-optical photons. Since these target photons are produced by the synchrotron radiation of electrons with the Lorentz factor well below γ br1 , whose density is almost constant during this decaying phase (see Figure 5b) , the density of target photons is almost constant. Thus, the change in the number density of electrons above γ br2 is directly reflected in the γ-ray flux, resulting in the close-to-linear correlation between X-ray and γ-ray fluxes. A similar mechanism works also in the case of the two-zone SSC model in each blob. In a flaring blob, γ-ray SED peaks originate from the Klein-Nishina effect. Therefore, γ-rays with energies above the SED peak result from inverse-Compton scattering of electrons off photons below the SED peak in the X-ray band as well as in the case of the onezone SSC model. Thus, the close-to-linear relation is realized in both the quiescent and flaring blobs, and hence it is also realized in the total spectra.
The correlation between X-rays and γ-rays was analyzed with a great level of detail in Katarzyński et al. (2005) , where the evolution of several quantities, e.g., the number density of electrons, magnetic fields, and the size of the emission region, are simply parameterized to study their contribution to the index of the correlation. Evolution of the emission region volume is a possibility to naturally explain the reduction of the electron number density in the emission region. In the results presented here we have fixed the size R to solidly study the evolution of the electron spectrum with the steady SSC models at each moment. Further studies of the temporal broadband emission evolution involving such additional parameters will be performed elsewhere.
The SED model results described in Sections 4.1 and 4.2 allow for an estimate of several physical properties of Mrk 421 during the flaring activity from 2010 March: the total electron number density N e , mean electron Lorentz factor γ e , the jet power carried by electrons L e , the jet power carried by the magnetic field L B , the ratio of comoving electron and magnetic-field
, the synchrotron luminosity L syn (integrated from 10 9.5 Hz to 10 20.5 Hz), the inverse-Compton luminosity L IC (integrated from 10 20.5 Hz to 10 28 Hz), and the total photon luminosity from the SSC model
We can also compute the jet power carried by protons L p assuming one proton per electron (N p = N e ). The total jet power is
We follow the prescriptions given in Celotti & Ghisellini (2008) . Specifically, the following formulae are used:
Article number, page 14 of 29 Table 4 : Peak positions and widths of the synchrotron and inverse-Compton bumps derived from the two-zone SSC model parameters reported in Table 3 . 
where
In the jet power calculation, only one side is considered, differently to what is done in Finke et al. (2008) where a two-sided jet is used. The details of these quantities derived with the SSC model parameters are tabulated in Appendix C.
In both the one-zone model and two-zone model, the electron luminosity L e and magnetic luminosity L B are more than one order of magnitude away from equipartition, which was reported in Abdo et al. (2011); Mankuzhiyil et al. (2011) and Aleksić et al. (2012a) . In addition, we found that the ratio L e /L B does not vary much during the 13-day period considered here.
In the two-zone model, the total power L p +L e +L B of the flaring blob is about one order of magnitude smaller than that of the quiescent-state blob (∼ 10 43 erg s −1 vs. ∼ 10 44 erg s −1 ) despite < γ e > being 20 -30 times higher. This is caused by the smaller size of the flaring blob, in spite of its stronger magnetic field and higher electron density. Nevertheless, the flaring blob is responsible for about half of the photon luminosity L ph (= L syn + L IC ) of the quiescent-state blob during the highest X-ray/VHE γ-ray activity. This indicates that the radiative efficiency of electrons is high in the flaring blob due to the strong magnetic field B and high electron number density n e . Since the contribution of the flaring blob to the total photon luminosity decreases with the decline of the X-ray/VHE activity, the total photon luminosity in the two-zone model does not change substantially during the 13-day period with the VHE flux going from ∼ 2 c.u. down to ∼ 0.5 c.u., remaining at about (3 − 5) × 10 42 erg s −1 . On the other hand, the variation of the total photon luminosity in the one-zone model is from 9 × 10 42 erg s −1 to 3 × 10 42 erg s −1 , and hence, in terms of jet energetics, the production of the measured X-ray/VHE flaring activity is more demanding in the one-zone scenario than in the two-zone scenario.
Conclusion
We have reported the MW observations of the decaying phase of a Mrk 421 flare from 2010 March, and its characterization using two leptonic scenarios: a one-zone SSC model, and a twozone SSC model where one zone is responsible for the quiescent emission while the other (smaller) zone, which is spatially separated from the former one, contributes to the daily-variable emission occurring mostly in X-rays and VHE γ-rays. We found that flux variability is noticeable in the X-ray and VHE γ-ray bands, while it is minor or not significant in the other bands. These observations revealed a close-to-linear correlation between the Xray flux in the 2-10 keV band and the VHE γ-ray flux above 200 GeV, consistent with the γ-rays being produced by inverse Compton scattering in the Klein-Nishina regime in the framework of SSC models.
The broadband SEDs during this flaring episode, resolved on timescales of one day, allowed for an unprecedented characterization of the time evolution of radio to γ-ray emission of Mrk 421. Such a detailed study had never been performed on Mrk 421 or any other blazar. Both the one-zone SSC and the two-zone SSC models can describe the daily SEDs via the variation of only five and four model parameters respectively, under Article number, page 15 of 29 A&A proofs: manuscript no. Mrk421_2010_March_s the hypothesis that the variability is associated mostly with the underlying particle population. This shows that blazar variability could be dominated by the acceleration and cooling mechanisms producing the EED. For both cases (one-zone and two-zone SSC models), an EED parameterized by two power-law functions is sufficient to describe the emission during the very high states (MJD 55265 and 55266), but an EED with three power-law functions is needed during the somewhat lower blazar activity.
We also found that the two-zone SSC model describes better the measured SED data at the peaks of the low-and high-energy bumps, although the reported one-zone SSC model could be further improved by the variation of the parameters related to the emitting region itself, in addition to the parameters related to the particle population. The two-zone SSC scenario presented here naturally provides shorter time scales (1 hour vs. 1 day) for variability in the X-ray and VHE bands, as well as lack of correlation between the radio/optical/GeV emission and the day-long variability in the X-ray/VHE bands. Within this two-zone SSC scenario, the EED of the flaring blob is constrained to a very narrow range of energies, namely γ min -γ max ∼ 3 × 10 4 -6 × 10 5 , which could be produced through stochastic particle acceleration via scattering by magnetic inhomogeneities in the jet. . Fermi-LAT data were accumulated during 2-day time intervals in order to ensure significant detections of Mrk 421, and is depicted here with a blue band. For better visibility of the observations at UV, optical, and radio band, where the observation time is usually short and the covered frequency band is narrow, an additional 20 minutes in time and half a decade in frequency are included when displaying the results.
The names of all the optical instruments are listed in Table 1 .
Article number, page 20 of 29 The actual MJD date for each data entry is given in the legend of each figure. For optical bands, the reported SED data points correspond to the averaged values (host-galaxy subtracted) for the specified observing night. As reported in Section 3, the variability in the optical band is small, and occurring on timescales of several days. Therefore, if there was no instrument observing at a particular optical energy band, then the nearest observation is used, and the corresponding MJD date is described in the legend of the figure.
Although Mrk 421 is cosmologically nearby, at a redshift of 0.03, the absorption of γ-rays by the extragalactic background light (EBL) is not negligible at TeV energies. The VHE spectra are corrected (de-absorbed) with the EBL model provided by Franceschini et al. (2008) , where e −τ γγ = 0.58 at 4 TeV. At this energy, which is roughly the highest energy bin in the VHE spectra, most models provide 0.5 < e −τ γγ < 0.6, such as models from Kneiske et al. (2004) , Finke et al. (2010) , and Domínguez et al. (2011) Table 1 . Due to space limitations, R-band instruments other than GASP, GRT, and NMS are denoted with the symbol "++". Whenever a simultaneous observation is not available, the fluxes from the closest date are reported, and their observation time in MJD is reported next to the instrument name in the legend. The red curve depicts the one-zone SSC model matching the data. The gray circles depict the average SED from the 2009 MW campaign reported in Abdo et al. (2011) , which is a good representation of the non-flaring (typical) SED of Mrk 421.
Article number, page 23 of 29 A&A proofs: manuscript no. Mrk421_2010_March_s Figure 6 for further details. The emission of the quiescent blob was set to the one describing the SED from MJD 55274, which is the lowest SED among all the 13 dates considered in this paper. Consequently, there is no flaring blob emission for MJD 55274.
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